Introduction
T he incidence of teenage pregnancy has decreased during the last decade in developed countries, 1 being 3.4-7.9 childbirths per 1000 15-to 19-year-olds in the Nordic countries in 2015. 2 In the United States, and in England and Wales the incidence of teenage pregnancy is substantially higher; 31.3 births per 1000 teenagers in the U.S 3 and 21.0 in England and Wales in 2011. 1 A large proportion of teenage pregnancies end in induced abortion, 1, [4] [5] [6] i.e. 60% in Finland, 78% in Denmark and Sweden, 2 30% in the U.S. 3 and 43% in England and Wales 7 in recent years.
Teenage mothers have a poorer social background and face more socioeconomic and health problems later in life compared with older mothers. [8] [9] [10] We have shown that teenage pregnancy, ending in both childbirth and abortion, is associated with an increased prevalence of psychiatric morbidity in comparison with non-pregnant teenagers. However, this risk is already increased before pregnancy and is not affected by the outcome of pregnancy. 11 According to studies carried out in Sweden and the U.K., women with a history of teenage childbirth also have a higher risk of premature death compared with women who conceive later in life. 12, 13 Independently of social background, premature death, especially by suicide, violence, ischaemic heart disease and cervical and lung cancer appears to be more common among women with a history of teenage childbirth than women without teenage pregnancy. 12 Previous studies on the mortality of women with a history of teenage pregnancy have not taken into account the outcome of pregnancy. It is therefore unknown whether women with a history of teenage childbirth face a higher risk of premature death than women with teenage abortion, or vice versa. Women who have undergone induced abortion instead of giving birth during teenage years seem, however, to achieve a higher educational level and need less income support later in life.
11,14 Additionally, a low socioeconomic level is associated with general mortality [15] [16] [17] and an increased risk of death from homicide, especially among women. 18 Our aim was to assess the association between teenage pregnancy and the risk of premature mortality according to different causes of death in Finland. Women were followed up for a maximum of 25 years after the end of pregnancy. We took into account the outcome of pregnancy (induced abortion vs. childbirth) and the educational level of the women.
Methods
This is a nationwide follow-up study based on register data on births and induced abortions. We identified all nulliparous teenage (<20 years) pregnancies in Finland between 1987 and 1989. The cohort included 13 691 teenage pregnancies, which we divided into subgroups based on age at the beginning of pregnancy (under 18 years, n = 5177 or 18-19 years, n = 8514) and whether the pregnancy ended in induced abortion (n = 6652) or childbirth (n = 7040). Every cohort member had three coeval reference members (n = 41 012) selected from the Central Population Register. The reference group was divided into subgroups based on age (under 18 years, n = 15 608 or 18-19 years, n = 25 404) on the day when the cohort member's pregnancy ended (index day). The participants were born in 1966-75 and they were followed up until death, emigration or June 6th, 2013.
In all, 1603 women (233 cases and 1370 controls) emigrated permanently and they were included in the follow-up until the day of emigration. Cohort members without coeval reference members from the same municipality were excluded (n = 9). The other exclusion criteria were: incorrect identification number (n = 114), non-disclosure of personal information (n = 70), living abroad on the index day (n = 42), unknown municipality at the end of the pregnancy (n = 23) and death before the index day (n = 17). Data on the women's socio-demographic background and socioeconomic status were obtained from the National Institute for Health and Welfare, 19 Statistics Finland 20 and the Population Register Centre. 21 In total, 815 women died (281 cases and 534 controls) during the study period. We analyzed the causes of death by using International Classification of Diseases categories (ICD-9 in 1987-95 and ICD-10 in 1996-2013). We subdivided injury, poisoning and other external causes of death (S00-Y98) into suicide (X60-X84) and motor vehicle accidents (V01-V99).
Socio-demographic factors included the area of residence according to national classification and were determined at the time of childbirth or induced abortion. The highest educational level was reported as high (minimum of 15 years of education), intermediate (11-14 years of education) or low (maximum of 9 years of education) and was determined in 2012 or in the year of death.
Statistical analyses
We used the Chi-square test to assess differences between the study groups. A P values of <0.05 was defined as statistically significant. Mortality rate ratios (MRRs) and 95% confidence intervals (CIs) were calculated. Mortality rate ratios were adjusted for age at the beginning of the pregnancy, residential area at the end of the pregnancy and the highest educational level at the end of followup (death, emigration or 6th June 2013). Socio-demographic status and educational level were treated as categorical variables and age at the beginning of pregnancy as a continuous variable in all analyses.
We estimated the effect of teenage pregnancy on MRRs in the different age groups by using Poisson regression analysis. We calculated MRRs separately for cohort members whose pregnancies ended in childbirth vs. induced abortion and compared them against each other. We did not calculate MRRs in connection with those causes of death where there were fewer than 40 cases. IBM SPSS Statistics V.22.0 for Windows (IBM Corp., Armonk, NY, USA) was used for the statistical analyses.
Results
The socio-demographic background factors of the women with teenage pregnancy differed significantly from those of the women without teenage pregnancy (table 1) . Women without teenage pregnancy had a better level of completed education and more often lived in an urban area than women who had been pregnant in their teens. a: At the end of the pregnancy. b: At the end of the follow-up. Ã: P < 0.001 (compared with the no teenage pregnancies group). y: P < 0.001 (compared with the teenage induced abortion group). ns, non-significant P values, P = 0.4 (compared with the teenage induced abortion group).
Women with a history of teenage childbirth had a significantly lower educational level at the end of follow-up compared with women whose teenage pregnancy ended in induced abortion (table 1) . Women who had experienced teenage childbirth before age 18 more often lived in an urban area than women with teenage induced abortion. However, the residential area did not differ significantly between these groups if pregnancy had started at the age of 18-19 years (table 1) .
Total mortality rates were consistently higher during the whole of the follow-up period among women with a prior teenage pregnancy compared with controls (figure 1). However, between 5 to 9 years after the end of the index pregnancy the difference in mortality rate between the two groups did not differ significantly.
The most common causes of death in both cohort and control groups were injury and other external causes (includes for example suicides and motor vehicle accidents), neoplasms and circulatory diseases. In the teenage pregnancy group alcohol-related causes were also among the most common causes of death (Supplementary table S1 ).
The risk of dying from injury, poisoning or other external causes, and suicide, was more than twice as high among women with teenage pregnancy compared with control women (table 2). The results were significantly different after adjusting for age and residential area. However, after adjusting for educational level only the risk of death due to suicide remained significantly higher.
The risk of death due to alcohol-related causes, circulatory diseases and motor vehicle accidents was also significantly higher among women with teenage pregnancy compared with the reference group after adjusting for age and residential area. After adjusting for educational level the risk ratios decreased and were no longer statistically significant.
When analysed according to age, the total mortality risk was higher among women with teenage pregnancy compared with coeval women without teenage pregnancy in both age groups (under 18 years and 18-19 years when pregnancy started) after adjusting for age and residential area (MRR 1.5, 95% CI 1.2-1.9 and 1.6, 95% CI 1.3-1.9, respectively). However, after adjusting for educational level the total mortality risk decreased in both age a: Deaths from the end of the pregnancy up to June 6, 2013. Ã: Adjusted for age at the beginning of the pregnancy and residential area at the end of the pregnancy. ÃÃ: Adjusted for age at the beginning of the pregnancy, residential area at the end of the pregnancy and the highest educational level at the end of the follow up. Figure 1 Deaths per 100 000 person-years for women with teenage pregnancy and women without teenage pregnancy after the index day a .
a index day = the day when pregnancy ended, for controls the same date was chosen. Ã P = 0.001, ÃÃ P = 0.045, ÃÃÃ P < 0.001, ÃÃÃÃ P = 0.016, ns, non-significant P-value, P = 0.35 groups, and became significantly lower among women younger than 18 years old when the pregnancy started (MRR 0.8, 95% CI 0.6-0.99) (Supplementary tables S2 and S3).
When analyzed according to causes of death, the risk ratios were increased in connection with all deaths resulting from injury and poisoning (MRR 2.1, 95% CI 1.5-3.1), and suicide (MRR 3.0, 95% CI 1.8-5.1) after adjusting for age and residential area among women younger than 18 years old when pregnancy started (Supplementary table S2 ). After adjusting for educational level, the risks decreased and were no longer significant (MRR 0.9, 95% CI 0.6-1.4 and 1.4, 95% CI 0.8-2.5). Among women who were 18-19 years old at the beginning of pregnancy the risks of dying as a result of injury and poisoning (MRR 2.0, 95% CI 1.5-2.7), suicide (MRR 2.3, 95% CI 1.6-3.4), alcohol-related causes (MRR 2.2, 95% CI 1.2-3.8) and circulatory diseases (MRR 2.0, 95% CI 1.1-3.6) were higher than in the reference group (Supplementary table S3 ). After adjusting for educational level the risk ratios varied between 1.2 and 1.4, but were no longer statistically significant.
The risk of dying from cardiovascular diseases was over three times higher among women with teenage childbirth compared with women with teenage induced abortion after adjusting for age and residential area (table 3). The risk ratio decreased and was no longer statistically significant after adjusting for educational level. However, the risks of death due to injury, poisoning and other external causes, and suicide were significantly lower (MRR 0.6 and 0.5, 95% CI 0.4-0.8 and 0.3-0.9) in the teenage childbirth group after adjusting for age, residential area and educational level.
Discussion
We found that teenage pregnancy increases the risk of premature mortality despite the outcome (induced abortion or childbirth). The overall mortality rate of women with prior teenage pregnancy remained significantly elevated during the whole 25-year follow-up period compared with women without it. The difference in risk of mortality was most obvious during the first five years and 15-19 years after teenage pregnancy. The most common causes of death were related to a health-damaging lifestyle and psychiatric morbidity. Among women younger than 18 years old at the beginning of the pregnancy, a higher educational level appeared to be a protective factor against premature mortality. When comparing teenage childbirths with teenage induced abortions, we found that the risks of suicide and dying as a result of other external causes, such as injury or poisoning, were significantly lower among women with teenage childbirth compared with women with teenage induced abortion.
The present study is based on large, nationwide Finnish health registers, which cover all births and induced abortions. This makes it possible to investigate premature mortality in relation to the outcome of pregnancy. The register study design eliminates selection and recall bias. The long follow-up time (25 years) after the end of the pregnancy up to a mean age of 43 years allowed us to study cause-specific mortality. We have also taken into account the impacts of residential area and educational level on mortality risk.
The registers lack information on the intentionality of the pregnancies, but most teenage pregnancies are known to be unintended. 22 At the time of the study, we lacked information on teenagers' psychiatric diagnoses. However, in our recent study concerning a cohort of all girls born in Finland in 1987 we found that girls who gave birth under the age of 18 had higher levels of psychiatric disorders before the pregnancy compared to those who had an abortion. 11 Regarding risk-taking behaviour there were no differences between the groups. We could not take into account the socioeconomic background of study members or their families at a young age. It has been established that socioeconomic disadvantage 23 and health-compromising behaviour are related to teenage pregnancy 24 and also that teenage pregnancy itself, independently of social background, is associated with premature death. 12 However, we were able to use years of completed education as a proxy measure. Our data suggest that teenage childbirth may compromise educational prospects. In Finland, education is free of charge, which makes educational possibilities equal for everyone. We also lack information on fathers, since this information is not available in Finnish health registers. Finally, we used the first pregnancies of the women in our study, but did not adjust for subsequent pregnancies as a result of lack of this information. Conceiving at a young age and multiple childbirths are known to increase the risk of cardiovascular diseases. 25 Our results concur with those of previous studies as regards the lower educational level among women with teenage pregnancy. In addition, teenagers who undergo induced abortion achieve a higher educational level than those who give birth. 14, 26 A low educational level is related to premature mortality [15] [16] [17] and therefore teenage pregnancy may also increase the risk of premature death indirectly.
Our results suggest that a higher educational level is protective against the increased risk of premature death following teenage pregnancy. The protective effect was especially seen among women who conceived before the age of 18 years. As previously shown, low educational level and teenage pregnancy are often markers of multiple challenges in early life. Both can be seen as a part of a larger phenomenon leading to social exclusion and thus a higher risk of premature mortality. 10, [26] [27] [28] The role of fathers is also important, because being a single mother increases the risk of premature death 29 and is likely to further weaken the possibilities of achieving a better educational level. This is true even though Finland guarantees a right to low-cost day care up to the age of 7 years.
Educational level did not explain the higher risk of suicide among women with teenage pregnancy compared with controls. Additionally, independently of educational level, women who had a: Deaths from the end of the pregnancy up to June 6, 2013. Ã: Adjusted for age at the beginning of the pregnancy and residential area at the end of the pregnancy. ÃÃ: Adjusted for age at the beginning of the pregnancy, residential area at the end of the pregnancy and the highest educational level at the end of the follow up.
experienced teenage childbirth showed a significantly lower risk of dying prematurely from suicide, and injury and poisoning compared with women with teenage induced abortion. However, we do not believe this is caused by teenage abortion in itself, but by other unmeasurable factors. Firstly, depressive disorders and substance abuse are risk factors of suicide 30 and the present investigation lacks information about these background factors. Additionally, in a previous study we found that teenage mothers had a higher prevalence of psychiatric morbidity before pregnancy compared with teenagers who chose induced abortion. 11 Secondly, motherhood itself may reduce risk-taking behaviour. Thirdly, the difference in risk of suicide between these groups may partly be due to inequality of support for pregnant teenagers. In Finland, the healthcare system offers intense support for teenage mothers free of charge during pregnancy and after childbirth. This kind of support is not available for teenagers who choose induced abortion.
Our current study adds to previous information suggesting that education protects women with a history of teenage pregnancy from premature death. Therefore, all efforts should be made to facilitate and encourage teenage mothers to continue their education. Furthermore, women with a history of teenage abortion faced a higher risk of suicide and accidental death compared with women with teenage childbirth. This is likely to be due to the protective effect of motherhood itself and inequality in support for pregnant teenagers. We propose that more attention should be paid to psychosocial support of teenagers who choose to terminate pregnancy in order to prevent risk-taking behaviour later in life.
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